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METHODS OF RECORDING AND 
REPRODUCING AND APPARATUS FOR 
RECORDING AND REPRODUCING TIME 

CODES 

This is a National Stage of PCT/JP95/01054. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to methods of recording and 
reproducing and apparatus for recording and reproducing 
time codes for use in a data recorder, for example. 

2. Description of the Related Art 

Data recorders, for example, are occasionally required to 
reproduce a time at Which an optional event or the like 
observed in recorded data has occurred. To meet such a 
requirement, it has heretofore been customary for a data 
recorder to record time codes together With data. Time codes 
established by the IRIG (Inter-Range Instrumentation 
Group) in the USA, for example, have been used as such 
time codes for data recorders. 

The time codes of IRIG include tWo types of time codes, 
i.e., time codes of IRIG(A) and IRIG(B). These time codes 
Will ?rst be described beloW. The main difference betWeen 
the time codes of IRIG(A) and IRIG(B) lies in minimum 
units of the time codes. The minimum unit of the time code 
of IRIG(A) is [0.1 second], and the minimum unit of the 
time code of IRIG(B) is [1 second]. 

FIG. 1 of the accompanying draWings shoWs the time 
code of IRIG(A). In FIG. 1, the time code of IRIG(A) 
includes codes for “0.1 second”, “second”, “minute”, 
“hour”, and “day” Which are represented by numerical 
values according to the binary-coded decimal notation. 
As shoWn in a loWer portion of FIG. 1, the time code of 

IRIG(A) is generated by modulating a carrier signal of 10 
kHZ. A bit clock pulse is generated every 10 cycles of the 
carrier signal, i.e., every 0.001 second. 100 bits constituted 
by such bit clock pulses constitute one set of data. 
Among one set of data=100 bits, the 0th bit, the 9th bit, 

and those bits Which are spaced from the 9th bit by succes 
sive 10 bits, i.e., the 19th bit, . . . , and the 99th bit serve as 

reference markers (P0~P10) each indicating a division of the 
time code. Each of the reference markers is composed of a 
greater amplitude corresponding to 8 cycles of the carrier 
signal and a smaller amplitude corresponding to 2 cycles of 
the carrier signal. 

BetWeen the reference markers, there are provided codes 
represented by numerical values for “0.1 second”, “second”, 
“minute”, “hour”, and “day”. These codes are represented by 
numerical values according to the binary-coded decimal 
notation as described above. A binary value “0” is repre 
sented by a smaller amplitude corresponding to 2 cycles of 
the carrier signal, and a binary value “1” is represented by 
a greater amplitude corresponding to 5 cycles of the carrier 
signal. The Waveform of the carrier signal of the binary 
value “0” is illustrated in the loWer portion of FIG. 1. 

The code represented by a numerical value for “second” 
is formed by 8 bits placed betWeen the ?rst reference marker 
P0 and the second reference marker P1. Speci?cally, the 8 
bits are used to indicate values of “1”, “2”, “4”, “8”, “10”, 
“20”, and “40”, With one bit left unassigned betWeen “8” and 
“10”. The numerical value for “second” of the time code is 
expressed by the sum of the values of those bits Which have 
the binary value “1” represented by the Waveform of the 
carrier signal. 
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2 
Similarly, the code represented by a numerical value for 

“minute” is formed by 9 bits placed betWeen the second 
reference marker P1 and the third reference marker P2. 
Speci?cally, the 9 bits are used to indicate values of “1”, “2”, 
“4”, “8”, “10”, “20”, and “40”, With one bit left unassigned 
betWeen “8” and “10”. The last bit is left blank. 

The code represented by a numerical value for “hour” is 
formed by 9 bits placed betWeen the third reference marker 
P2 and the fourth reference marker P3. Speci?cally, the 9 
bits are used to indicate values of “1”, “2”, “4”, “8”, “10”, 
and “20”, With one bit left unassigned betWeen “8” and “10”. 
The last tWo bits are left blank. 

The code represented by a numerical value for “day” is 
formed by 9 bits placed betWeen the fourth reference marker 
P3 and the ?fth reference marker P4 and 2 bits folloWing the 
?fth reference marker P4. Speci?cally, these 11 bits are used 
to indicate values of “1”, “2”, “4”, “8”, “10”, “20”, “40”, 
“80”, “100”, and “200”, With one bit left unassigned 
betWeen “8” and “10”. 

The code represented by a numerical value for “0.1 
second” is formed by 4 bits preceding the sixth reference 
marker P5. Speci?cally, the 4 bits are used to indicate values 
of “0.1”, “0.2”, “0.4”, and “0.8”. The 3rd, 4th and 5th bits 
from the ?fth reference marker P4 are left blank. 
A control function code for controlling operation of the 

data recorder in relation to the time code is assigned to 
9><3=27 bits betWeen the sixth reference marker P5 and the 
ninth reference marker P8. The control function code is 
optionally used by the user of the data recorder, and has no 
direct bearing on the present invention. Therefore, the con 
trol function code is all indicated by “0”, and Will not be 
described in detail beloW. 

Abinary Code of “20”, “21”, “22”, “23”, “24”, “25”, “26”, 
“27”, “28”, “29”, “210”, “211”, “212”, “213”, “214”, “215”, 
“216”, “217”, Which is a straight binary representation of the 
above seconds, minutes, hours, and days, is formed by 18 
bits betWeen the ninth reference marker P8 and the ?nal 
reference marker P10. The last bit is left blank. 
The above time code is generated repeatedly every 0.1 

second. Each time the time code is repeated, the code 
represented by a numerical value for “0.1 second”, Which is 
formed by the 4 bits preceding the sixth reference marker 
P5, is incremented by 0.1. The time code is successively 
formed so as to include values carried up to “second”, 
“minute”, “hour”, and “day”. 

In this manner, the time code of IRIG(A) is generated. A 
numerical value represented by this time code indicates the 
timing of a starting end of the ?rst reference marker P0. The 
time code of IRIG(A) indicates the timing of 0.001 second 
With every successive bit clock pulse. 

The time code shoWn in FIG. 1 signi?es 173 days, 21 
hours, 18 minutes, and 42.8 seconds. The position indicated 
by the arroW in FIG. 1 signi?es the timing of 173 days, 21 
hours, 18 minutes, and 42.875 seconds. With this time code, 
the cycles of the carrier signal may be used in time mea 
surement for indicating the timing of 0.0001 second. 

FIG. 2 of the accompanying draWings shoWs the time 
code of IRIG(B). In FIG. 2, the time code of IRIG(B) 
includes codes for “second”, “minute”, “hour”, and “day” 
Which are represented by numerical values according to the 
binary-coded decimal notation. 
As shoWn in a loWer portion of FIG. 2, the time code of 

IRIG(B) is generated by modulating a carrier signal of 1 
kHZ. A bit clock pulse is generated every 10 cycles of the 
carrier signal, i.e., every 0.01 second. 100 bits constituted by 
such bit clock pulses constitute one set of data. 
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Among one set of data=100 bits, the 0th bit, the 9th bit, 
and those bits Which are spaced from the 9th bit by succes 
sive 10 bits, i.e., the 19th bit, . . . , and the 99th bit serve as 

reference markers (P0~P10) each indicating a division of the 
time code. Each of the reference markers is composed of a 
greater amplitude corresponding to 8 cycles of the carrier 
signal and a smaller amplitude corresponding to 2 cycles of 
the carrier signal. 

In relation to the reference markers, there are provided 
codes represented by numerical values for “second”, 
“minute”, “hour”, and “day”. These codes are represented by 
numerical values according to the binary-coded decimal 
notation as described above. A binary value “0” is repre 
sented by a smaller amplitude corresponding to 2 cycles of 
the carrier signal, and a binary value “1” is represented by 
a greater amplitude corresponding to 5 cycles of the carrier 
signal. The Waveform of the carrier signal of the binary 
value “0” is illustrated in the loWer portion of FIG. 2. 

The code represented by a numerical value for “second” 
is formed by 8 bits placed betWeen the ?rst reference marker 
P0 and the second reference marker P1. Speci?cally, the 8 
bits are used to indicate values of “1”, “2”, “4”, “8”, “10”, 
“20”, and “40”, With one bit left unassigned betWeen “8”, 
and “10”. The numerical value for “second” of the time code 
is expressed by the sum of the values of those bits Which 
have the binary value “1” represented by the Waveform of 
the carrier signal. 

Similarly, the code represented by a numerical value for 
“minute” is formed by 9 bits placed betWeen the second 
reference marker P1 and the third reference marker P2. 
Speci?cally, the 9 bits are used to indicate values of “1”, “2”, 
“4”, “8”, “10”, “20”, and “40”, With one bit left unassigned 
betWeen “8” and “10”. The last bit is left blank. 

The code represented by a numerical value for “hour” is 
formed by 9 bits placed betWeen the third reference marker 
P2 and the fourth reference marker P3. Speci?cally, the 9 
bits are used to indicate values of “1”, “2”, “4”, “8”, “10”, 
and “20”, With one bit left unassigned betWeen “8”, and 
“10”. The last tWo bits are left blank. 

The code represented by a numerical value for “day” is 
formed by 9 bits placed betWeen the fourth reference marker 
P3 and the ?fth reference marker P4 and 2 bits folloWing the 
?fth reference marker P4. Speci?cally, these 11 bits are used 
to indicate values of “1”, “2”, “4”, “8”, “10”, “20”, “40”, 
“80”, “100”, and “200”, With one bit left unassigned 
betWeen “8” and “10”. The 3rd through 9th bits from the 
?fth reference marker P4 are left blank. 
A control function code for controlling operation of the 

data recorder in relation to the time code is assigned to 
9><3=27 bits betWeen the sixth reference marker P5 and the 
ninth reference marker P8. The control function code is 
optionally used by the user of the data recorder, and has no 
direct bearing on the present invention. Therefore, the con 
trol function code is all indicated by “0”, and Will not be 
described in detail beloW. 

Abinary code of “20”, “21”, “22”, “23”, “24”, “25”, “26”, 
“27”, “28”, “29”, “210”, “211”, “212”, “213”, “214”, “215”, 
“216”, “217”, Which is a straight binary representation of the 
above seconds, minutes, hours, and days, is formed by 18 
bits betWeen the ninth reference marker P8 and the ?nal 
reference marker P10. The last bit is left blank. 

The above time code is generated repeatedly every 1 
second. Each time the time code is repeated, the code 
represented by a numerical value for “second”, Which is 
formed by the 8 bits betWeen the ?rst reference marker P0 
and the second reference marker P1, is incremented by 1. 
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4 
The time code is successively formed so as to include values 
carried up to “minute”, “hour”, and “day”. 

In this manner, the time code of IRIG(B) is generated. A 
numerical value represented by this time code indicates the 
timing of a start of the ?rst reference marker P0. The time 
code of IRIG(B) indicates the timing of 0.01 second With 
every successive bit clock pulse. 
The time code shoWn in FIG. 2 signi?es 173 days, 21 

hours, 18 minutes, and 42 seconds. The position indicated by 
the arroW in FIG. 2 signi?es the timing of 173 days, 21 
hours, 18 minutes, and 42.750 seconds. With this time code 
detected in an analog fashion, the cycles of the carrier signal 
may be used in time measurement for indicating the timing 
of 0.001 second. 

Heretofore, the time codes of IRIG(A), IRIG(B) have 
been successively recorded on a single dedicated time code 
track assigned in a conventional so-called longitudinal mul 
titrack data recorder. The time codes and data to be handled 
are simultaneously recorded and reproduced by the data 
recorder. With the time code of IRIG(A), it is possible to 
obtain time information of the data in terms of the timing of 
0.0001 second. With the time code of IRIG(B), it is possible 
to obtain time information of the data in terms of the timing 
of 0.001 second. 
Even if a time code recorded on a longitudinal time code 

track at a recording rate is reproduced at a reproducing rate 
different from the recording rate, the time code can be read 
in synchronism With the reproducing rate. Therefore, the 
time information relative to recorded data can be obtained 
even When the reproducing rate is varied. The recorded time 
code can effectively be utiliZed When data recorded over a 
long period of time are reproduced Within a short period of 
time or When the time base of recorded data is expanded for 
a data analysis. 

Data recorded With a time code may occasionally be 
required to be dubbed to produce a copy. When the data are 
recorded on multiple tracks, there are created, in a strict 
sense, time differences betWeen the tracks due to the accu 
racy With Which the head is mounted and other factors. 
Repeated data dubbing tends to cause the time code to suffer 
variations though the recorded data are not deteriorated as 
they are represented by digital signals. 

There has been developed a data recorder having a rotary 
head for recording and reproducing data. Such a data 
recorder is highly analogous to an apparatus (VTR) for 
recording and reproducing a digital video signal, for 
example. Such data recorder With a rotary head is capable of 
recording a very large amount of data of up to 770 Gbits on 
a 19 mm-Wide tape in a cassette of D-1 format, for example, 
Which has been established by SMPTE (Society of Motion 
Picture and Television Engineers). 
The data recorder of the type described above is also 

required to provide accurate times of individual data that 
have been recorded thereby. Apparatus for recording and 
reproducing video signals, for example, employ a time code 
prescribed by SMPTE. The time code of SMPTE is repre 
sented by encoded numerical values for hours, minutes, 
seconds, and frames of a video signal. The time code is 
recorded in relation to each frame of the video signal to help 
the user search for and edit desired frames. 

In the apparatus for recording and reproducing video 
signals, the video signal has been recorded ?eld by ?eld, and 
it has been suf?cient to record the time code in relation to 
each frame of the video signal. In the data recorder, hoWever, 
the time code recorded in relation to each frame of the video 
signal is unable to determine correct times With suf?cient 
accuracy. 
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In the case Where the time codes of IRIG(A), IRIG(B) are 
applied to the above data recorder for recording and repro 
ducing by the rotary head, it may be possible for the 
conventional data recorder to produce a longitudinal track 
recorded With a ?xed head, for example, and record a 
succession of time codes on the longitudinal track. With 
such an arrangement, time information can be obtained in 
terms of each of oblique tracks recorded by the rotary head 
as With the SMPTE code. HoWever, it is impossible to obtain 
in greater detail the time information of individual data 
recorded on the oblique tracks. 

The above problem manifests itself particularly if the 
?xed head and the rotary head deviate from their proper 
relative positional relationship oWing to an elongation or 
contraction of the recording medium. Speci?cally, When 
such a deviation is corrected (tracking correction), the 
reproduced data Will be subjected to a variation correspond 
ing to a skeW in the video signal, resulting in a loss of the 
association betWeen the time code recorded on the longitu 
dinal track and the data recorded on the oblique tracks. 

It has been proposed to provide areas for recording time 
codes in portions of oblique tracks that are recorded by the 
rotary head, and record the time codes in those areas With the 
same rotary head (transmission path) as used to record the 
data. According to such a proposal, the association betWeen 
the time codes and the data is not lost, and it is possible to 
obtain correct time information of the individual data. 

With the above proposal, hoWever, the areas for recording 
time codes are limited to particular positions of certain 
tracks, for example. In order to record successive time 
codes, as described above, in those particular positions, a 
preceding time code, for example, is latched, and the latched 
value is recorded. As a consequence, a time code at the time 
associated data are recorded is not correctly recorded. 

It Would be possible to adjust the data rate of input data 
and the recording data of a data recorder to bring a particular 
recording position into timed relation to a time code. 
HoWever, such an adjustment Would be highly complex to 
perform. Furthermore, it Would not be entirely impossible to 
apply this adjustment process to a so-called variable-rate 
data recorder Which buffers input data of any optional rate 
and intermittently records the input data in synchronism 
With the recording rate inherent in the data recorder. 

If the data recorder is used in combination With an 
apparatus Which employs an existing time code, such as a 
time code of IRIG, then it is necessary that the time code be 
successively read in the same manner as With the conven 
tional arrangement for recording the time code on the 
longitudinal track. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the above 
draWbacks. It is an object of the present invention to solve 
the problems associated With achieving strict timing con 
formity When a time code is recorded in a transmission path 
different from that of data, e.g., a multitrack or a longitudinal 
track With a rotary head, and When a time code cannot 
correctly be reproduced When the time code is recorded on 
the same transmission path as data. 

According to the present invention, there are provided 
means for multiplying a supplied time code to generate 
detailed time data, means for latching the time data at a 
given time in an input signal, and means for recording the 
latched time data on the same transmission path as the input 
signal. With this arrangement, the supplied time code is 
multiplied to generate detailed time data, the time data are 
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6 
latched at a given time in the input signal, and the latched 
time data are recorded on the same transmission path as the 
input signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram illustrative of a time code of IRIG(A); 

FIG. 2 is a diagram illustrative of a time code of IRIG(B); 
FIG. 3 is an elevational vieW of a data recorder to Which 

the present invention is applied; 
FIG. 4 is a block diagram of the data recorder to Which the 

present invention is applied; 
FIG. 5 is a diagram illustrative of the data recorder; 

FIG. 6 is a diagram illustrative of the data recorder; 
FIG. 7 is a diagram illustrative of the data recorder; 
FIG. 8 is a diagram illustrative of the data recorder; 
FIG. 9 is a block diagram of a system Which implements 

methods of recording and reproducing and apparatus for 
recording and reproducing time codes according to the 
present invention; 

FIGS. 10A and 10B are diagrams shoWing operation of 
the data recorder to Which the present invention is applied; 

FIG. 11 is a diagram shoWing operation of the data 
recorder to Which the present invention is applied; 

FIGS. 12A through 12D are diagrams illustrative of 
another embodiment of the present invention; and 

FIG. 13 is a diagram illustrative of a copying function of 
the data recorder to Which the present invention is applied. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Prior to a description of embodiments according to the 
present invention, there Will be described beloW a so-called 
variable-rate data recorder to Which the present invention is 
applied and Which buffers input data (input signal) of any 
optional rate and intermittently records the input data in 
synchronism With the recording rate inherent in the data 
recorder. 
A data recorder to Which the present invention is appli 

cable is designed according to standards (X3.175-1990) for 
an ID-1 format by ANSI (American National Standard 
Institute), for example. An overall arrangement of an appa 
ratus Which serves as such a data recorder is shoWn in FIG. 
3. 

In FIG. 3, serial or parallel input data of any optional rate 
from a measuring device or the like are supplied to an 
interface device 100 for processing data to be recorded or 
reproduced by a data recorder having an inherent recording 
rate. In the interface device 100, the supplied input data are 
buffered by a memory (not shoWn) or the like, and the 
buffered data are read in synchronism With a recording rate 
inherent in a data recorder 200 Which is substantially equiva 
lent to a digital VTR of D-1 format, for example. 

If the recording rate inherent in the data recorder 200 is 
high With respect to the data rate of a variable-rate input, 
then the data recorder 200 is sWitched into a recording mode 
When a certain amount of input data has been buffered 
depending on the storage capacity of the memory or the like, 
and the data recorder 200 is sWitched into a stop mode When 
almost all the buffered recording data have been read out. 
The above operation is repeated to intermittently record the 
input data of any optional rate in timed relationship to the 
recording rate inherent in the data recorder 200. 

For reproduction, data reproduced from the data recorder 
200 are buffered by the interface device 100, and the 
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buffered output data are read in timed relationship to an 
optional rate of a data analyzer or the like to Which the 
interface device 100 is connected. If the reproducing rate 
inherent in the data recorder 200 is high With respect to the 
data rate of a variable-rate output, then the data are inter 
mittently reproduced from the recorder 200, buffered in a 
memory, and read in timed relationship to an optional rate. 

To the interface device 100, there is connected a control 
line for exchanging a control signal such as a recording or 
reproducing request or information such as a data rate 
betWeen itself and the measuring device, the data analyZer or 
the like Which is connected, and also betWeen itself and the 
data recorder 200. A data line for inputting and outputting 
accessory information (AUX data) to and from the data 
recorder 200 is connected betWeen the interface device 100 
and the data recorder 200. The apparatus Which serves as the 
data recorder has the above overall arrangement. 

The interface device 100 for realiZing a so-called 
variable-rate data recorder Which intermittently records 
input data of any optional rate in timed relationship to a 
recording rate inherent in the data recorder is shoWn by Way 
of example in FIG. 4. 
As shoWn in FIG. 4, a variable-rate data input (parallel) 

101 Which is supplied With parallel input data of any 
optional rate from a measuring device (not shoWn), for 
example, is connected to a multiplexer 102 for sWitching 
betWeen parallel and serial inputs. A variable-rate data input 
(serial) 103 Which is supplied With serial input data of any 
optional rate from the measuring device, for example, is 
connected to the multiplexer 102 through a serial-parallel 
converter 104. The multiplexer 102 has an output connected 
to a variable-rate input FIFO memory 105 Which effects 
timing adjustment on the input data. 

The variable-rate input FIFO memory 105 has an output 
connected to a bus sWitcher 106 for sWitching Write and read 
data buses of a built-in memory for buffering data. The bus 
sWitcher 106 is connected to a DRAM 107 Which serves as 
the built-in memory. The DRAM 107 has an output con 
nected through the bus sWitcher 106 to a recorder output 
FIFO memory 108 Which effects timing adjustment on 
recording data. The output FIFO memory 108 has an output 
connected to a data output 109 for outputting recording data 
at an inherent rate to the data recorder 200 (not shoWn). 
A data input 110 Which is supplied With reproduced data 

from the data recorder 200 is connected to an input FIFO 
memory 111 Which effects timing adjustment on the repro 
duced data. The input FIFO memory 111 has an output 
connected through the bus sWitcher 106 to the DRAM 107. 
The output of the DRAM 107 is connected through the bus 
sWitcher 106 to a variable-rate input FIFO memory 112 
Which effects timing adjustment on output data. 

The FIFO memory 112 has an output connected to a 
variable-rate data output (parallel) 113 Which outputs par 
allel output data at an optional rate to a data analyZer (not 
shoWn), for example. The output of the FIFO memory 112 
is connected to the serial-parallel converter 104. The serial 
parallel converter 104 is capable of converting the input data 
from serial to parallel form and also converting the output 
data from parallel to serial form. In this case, the serial 
parallel converter 104 converts parallel data to serial data. 
The serial-parallel converter 104 has an output connected to 
a variable-rate data output (serial) 114 Which outputs serial 
output data at an optional rate to the data analyZer (not 
shoWn), for example. 
An output clock signal is selected depending on sWitching 

betWeen the inputs. For selecting a desired interpolation 
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clock signal, an interpolation clock generator 115 Which 
generates such an interpolation clock signal is connected to 
the serial-parallel converter 104. To a bus line 119, there is 
connected a DMA controller 121 for controlling data trans 
fer betWeen the DRAM 107 and the FIFO memories 105, 
108, 111, 112 depending on a mode. 

An input/output unit (for example, RS232C/GP-IB 
(IEEE-488) interface) 116 for inputting and outputting con 
trol data such as data rate information from the measuring 
device, the data analyZer, or the like is connected to an I/O 
port 117 Which controls the inputting and outputting of data. 
An input/output unit 118 for inputting and outputting control 
data such as operation data of the data recorder 200 is 
connected to the I/O port 117. The I/O port 117 is connected 
through the bus line 119 to a CPU 120. 

To the data input 110, there is connected an input of a 
reproduced header FIFO memory 129 for extracting header 
information from reproduced data that are obtained by a 
reproducing operation immediately prior to the start of a 
recording operation, for the operation of the data recorder 
200. The reproduced header FIFO memory 129 has an 
output connected to the bus line 119. 

A time code interface 127 for achieving recording and 
reproduction of time codes is connected through the bus line 
119 to the CPU 120. A time code input 126 and a time code 
output 128 are connected to the time code interface 127. 

In the interface device 100, an input of an output header 
FIFO memory 124 is connected through the bus line 119 to 
the CPU 120, and an output of the output header FIFO 
memory 124 is connected to the output of FIFO memory 
112. The output of the multiplexer 102 is connected to an 
input of an input header FIFO memory 122, Whose output is 
connected through the bus line 119 to the CPU 120. 

The output header FIFO memory 124 and the input header 
FIFO memory 122 are used to perform a copying function 
of the interface device 100 (a function to copy (dub) the 
reproduced data from the data recorder 200 on a tape in 
another data recorder). The copying function Will be 
described later on. 

Operation of the interface device 100 of the above struc 
ture Will be described beloW. Prior to a description of the 
operation of the interface device 100, hoWever, a recording 
format of the data recorder 200 connected to the interface 
device 100 Will ?rst be described beloW. 

FIG. 5 shoWs a recording pattern produced by the data 
recorder 200. 
The data recorder 200 records and reproduces data on one 

unit of four oblique tracks (referred to as a 1 track set). 
Header information of data recorded in a 1 track set is 
recorded in a hatched portion at the recording start of a ?rst 
track of the 1 track set. 

FIG. 6 shoWs a data structure of the 1 track set. 

The data of the 1 track set are composed of the header 
information, described above, of 128 bytes and data of 
144,304 bytes, for a total of 144,432 bytes. 
The header information of 128 bytes is constructed as 

shoWn in FIG. 7. As shoWn in FIG. 7, the ?rst 5 bytes serve 
as a header ID section composed of 2 bytes of data “00” and 
ID data of 3 bytes representing the 1 track set. The next 8 
bytes serve as a control ?ag section composed of a Write/ 
retry ?ag of 1 byte, an effective data count value of 3 bytes, 
an error count value of 1 byte, etc. The next 3 bytes serve as 
a track set ID section Which are the same as those of the ID 
data representing the position information of the 1 track set 
on the tape. 
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The next 6 bytes serve as a time code data section 
composed of 27-bit data of seconds, minutes, hours, and 
days Which are represented by a time code of IRIG, for 
example, as converted into a straight binary representation, 
and 21-bit fractional data (described later on). The next 4 
bytes serve as a user data section related to the time code, 
and record a 27-bit control function code contained in a time 
code of IRIG, for example. The next 32 bytes serve as an 
extended user data section. The remaining 70 bytes serve as 
a history area for recording information composed of time 
and position information Which Will be used to effect a time 
code search, as described later on. 

The operation of the interface device 100 according to the 
present invention Will be described beloW With reference to 
FIG. 4. 

Input data from the variable-rate data input (parallel) 101 
or the variable-rate data input (serial) 103 Which is selected 
by the multiplexer 102 are supplied to the variable-rate input 
FIFO memory 105, controlled in timing by the variable-rate 
input FIFO memory 105 for Writing, and then Written into 
the DRAM 107 through the bus sWitcher 106. 
As described later on, the interface device 100 has a 

frequency divider for counting data clock pulses correspond 
ing to the input data by 144,302. The timing of the input data 
of 144,304 bytes to be recorded in a 1 track set is detected 
by an output signal (data sync) from the frequency divider. 

The DRAM 107 has addresses as shoWn in FIG. 8. 
Numbers on the left-hand side indicate addresses, each 
formed of 1 byte. Addresses 128~144,432 (corresponding to 
144,304 bytes), shoWn hatched in FIG. 8, serve as a region 
for storing data, and addresses 0~127 serve as a region for 
storing header information. 

Therefore, input data composed of every 144,304 bytes 
are stored in the addresses 128~144,432 of the DRAM 107. 
At this time, the CPU 120 generates header information of 

128 bytes depending on the data sync, referred to above. 
Time code data of the header information are provided as 
folloWs: 

A time code of IRIG(A) or IRIG(B), described above, 
Which has been supplied to the time code input 126 is sent 
to the time code interface 127. 

The time code interface 127 and the CPU 120 processes 
the supplied time code of IRIG to generate 27-bit data Which 
are represented by the supplied time code of IRIG as 
converted into a straight binary representation, and 21-bit 
fractional data. 

The operation of the time code interface 127 Will be 
described in detail later on With reference to FIG. 9. 

The time code data generated by the time code interface 
127 are read through the bus line 119 by the CPU 120, and 
inserted into the time code data section in the header 
information. 

The header information thus generated by the CPU 120 is 
Written into addresses 0~127 of the DRAM 107 through the 
bus line 119, a header VRAM 123, and the bus sWitcher 106. 

The header information and the input data that have been 
Written in the DRAM 107 are successively read out, and sent 
through the recorder output FIFO memory 108 to the data 
output 109. From the data output 109, the header informa 
tion and the input data are supplied as data recorder output 
data compatible With the recording rate inherent in the data 
recorder 200 to the data recorder 200, and recorded thereby. 
When the data recorder 200 is played back, reproduced 

data supplied to the data input 110 are delivered through the 
input FIFO memory 111 and the bus sWitcher 106 to the 
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DRAM 107, in Which the header information is Written in 
addresses 0~127 and the data in addresses 128~144,432. 
The data in the reproduced data Written in the DRAM 107 

are outputted through the bus sWitcher 106 and the variable 
rate input FIFO memory 112 from the variable-rate data 
output (parallel) 113 or the variable-rate data output (serial) 
114 at a data rate as requested by the data analyZer (not 
shoWn) or the like. 
The header information Written in the DRAM 107 is read 

through the bus sWitcher 106 and the header VRAM 123 by 
the CPU 120. 

The time code data, Which are composed of the 27-bit data 
of seconds, minutes, hours, and days Which are represented 
by a straight binary representation, and the 21-bit fractional 
data, in the header information read by the CPU 120 are 
processed, and thereafter sent through the bus line 119 to the 
time code interface 127. In the time code interface 127, the 
original time code of IRIG is restored from the time code 
data, and outputted from the time code output 128 in 
association With the data output. 

The FIFO memories 105, 108, 111, 112 are used to 
simultaneously Write data into and read data from the 
DRAM 107. Speci?cally, to output the recording data for the 
data recorder 200 While input data from the measuring 
device (not shoWn), for example, are being inputted, at the 
same time that the input data are being Written into the FIFO 
memory 105, the data of the DRAM 107 are Written into the 
FIFO memory 108 at a high speed by the DRAM controller 
121 so that the data remain ?lled at all times. Thereafter, the 
recording data Written in the FIFO memory 108 are read at 
the rate inherent in the data recorder 200, and the input data 
Written in the FIFO memory 105 are all read out and Written 
into the DRAM 107. 

To output the output data for the data analyZer (not 
shoWn) While the reproduced data from the data recorder 
200 are being Written, at the same time that the reproduced 
data are being Written into the FIFO memory 111, the data 
of the DRAM 107 are Written into the FIFO memory 112 at 
a high speed by the DRAM controller 121 so that the data 
remain ?lled at all times. Thereafter, the recording data 
Written in the FIFO memory 112 are read at an optional rate, 
and the reproduced data Written in the FIFO memory 111 are 
all read out and Written into the DRAM 107. In this manner, 
it is possible to simultaneously Write data into and read data 
from the DRAM 107. 
An embodiment of methods of recording and reproducing 

and apparatus for recording and reproducing time codes 
according to the present invention Will be described in detail 
beloW. 

FIG. 9 shoWs in detail an arrangement of the time code 
interface 127 shoWn in FIG. 4 Which carries out the present 
invention. The arrangement shoWn in FIG. 9 generates time 
code data from a time code of IRIG and restores the time 
code of IRIG from the time code data, as folloWs: 

In the generation of the time code data, the 27-bit data of 
seconds, minutes, hours, and days are indicated by a straight 
binary representation converted from: 

+[2-?gure minute data]><60 
+[2-?gure second data] 

in the time code of IRIG supplied to the time code input 126. 
In FIG. 9, for recording the time code, a signal from a time 

code input 1 (126) is supplied through a level control circuit 
2 Which adjusts the level of the signal, to a data extractor 3 
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Which determines a smaller amplitude corresponding to 2 
cycles of the carrier signal and a greater amplitude corre 
sponding to 5 cycles thereof and extracts binary values “0” 
and “1”. The data from the data extractor 3 are Written 
through a serial-parallel converter 6 into a memory 7, and 
the data Written in the memory 7 are supplied to a CPU 8, 
Which corresponds to the CPU 120. The CPU 8 calculates 
the 27-bit data of seconds, minutes, hours, and days. 

The CPU 8 determines 4-bit data prior to the siXth 
reference marker P5 in data Written in the memory 7. If all 
the 4 bits of the 4-bit data are “0”, then the CPU 8 determines 
that the inputted time code is a time code of IRIG(B). If the 
4 bits of the 4-bit data contain a value, then the CPU 8 
determines that the inputted time code is a time code of 

IRIG(A). 
The signal from the level control circuit 2 is supplied to 

a bit clock detector 4 for detecting a bit clock pulse per data 
of “0” or “1”. The bit clock detector 4 detects bit clock 
pulses in the time code. The signal from the level control 
circuit 2 is also supplied to a synchroniZation detector 5 for 
detecting When tWo reference markers composed respec 
tively of a greater amplitude corresponding to 8 cycles of the 
carrier signal and a smaller amplitude corresponding to 2 
cycles thereof are successively generated. The synchroniZa 
tion detector 5 detects a synchroniZing signal in the time 
code. 

The synchroniZing signal detected by the synchroniZation 
detector 5 is supplied to a frequency detector 9 for detecting 
the frequency of the carrier signal of the inputted time code. 
The synchroniZing signal from the synchroniZation detector 
5 and the bit clock pulses from the bit clock detector 4 are 
supplied to an input detector 10 for detecting Whether there 
is an inputted time code or not. Detected signals from the 
frequency detector 9 and the input detector 10 are supplied 
to the CPU 8, Which generates a control signal for control 
ling the frequency and phase of a clock signal that is 
generated by a clock generator 11 Which generates an 
internal operation clock signal. 

Speci?cally, the frequency detector 9, the input detector 
10, and the clock generator 11 are operated in the same 
manner as a phase-locked loop through the CPU 8, and are 
synchroniZed With the bit clock pulses of the inputted time 
code for generating a clock signal of a certain frequency 
Which is a multiple of the frequency of the bit clock pulses. 
The frequency of the clock signal Which is generated is 640 
kHZ With errors corrected if the inputted time code is a time 
code of IRIG(A), and 512 kHZ With errors corrected if the 
inputted time code is a time code of IRIG(B). 

The clock signal is supplied to a counter 12 Which 
comprises a modulo-64 or -512 counter a, a modulo-10 
counter b, and a counter c. The signal from the synchroni 
Zation detector 5 is supplied to a load pulse selector 13 
Which selects load pulses When data are recorded and 
reproduced. The load pulse selector 13 is controlled by the 
control signal from the CPU 8. When data are recorded, the 
synchroniZing signal of the time code from the synchroni 
Zation detector 5 is selected, and supplied as a reset pulse to 
the counter 12. 
When the inputted time code is a time code of IRIG(A), 

the counter a operates as a modulo-64 counter and directly 
counts clock pulses, and outputs a carry each time it counts 
64 clock pulses. The carry outputted from the counter a is 
counted by the counter b, Which outputs a carry each time it 
counts 10 carries from the counter a. The carry outputted 
from the counter b is counted by the counter c. The counters 
a, b are reset by the signal from the bit clock detector 4. 

The counter c counts a frequency-divided clock signal of 
1 kHZ, and outputs 7-bit numerical values in the positions of 
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0.01 second and 0.001 second. The counter b counts a 
frequency-divided clock signal of 10 kHZ, and outputs a 
4-bit numerical value in the position of 0.0001 second. The 
counter a counts a value representing the time When the 
frequency-divided clock signal of 10 kHZ (Which is the same 
as the carrier signal) is divided into 64 equal portions, and 
outputs a 6-bit value indicating that time. 
When the inputted time code is a time code of IRIG(B), 

the counter a operates as a modulo-512 counter and directly 
counts clock pulses, and outputs a carry each time it counts 
512 clock pulses. The carry outputted from the counter a is 
counted by the counter b, Which outputs a carry each time it 
counts 10 carries from the counter a. The carry outputted 
from the counter b is counted by the counter c. The counters 
a and b are reset by the signal from the bit clock detector 4. 
The counter c counts a frequency-divided clock signal of 

0.1 kHZ, and outputs 7-bit numerical values in the positions 
of 0.1 second and 0.01 second. The counter b counts a 
frequency-divided clock signal of 1 kHZ, and outputs a 4-bit 
numerical value in the position of 0.001 second. The counter 
a counts a value representing the time When the frequency 
divided clock signal of 1 kHZ (Which is the same as the 
carrier signal) is divided into 512 equal portions, and outputs 
a 10-bit value indicating that time. 
The count from the counter 12 is supplied to a latch 14 for 

latching data according to a latch pulse, described later. A 
signal corresponding to a signal Which is produced When the 
frequency of the bit clock pulses of the inputted time code 
is divided by 100 is outputted as the carrier output from the 
counter b, and supplied as a shift clock signal to the 
serial-parallel converter 6. 
The clock signal of the data (input signal) from the 

measuring device (not shoWn) is supplied to a data clock 
input 15. The clock signal from the data clock input 15 is 
supplied to a frequency divider 16, Which divides the 
frequency of the clock signal into a 1/144,304 frequency. 
Therefore, the frequency divider 16 outputs a frequency 
divided signal (referred to as a data sync signal) each time 
it counts 144,304 data clock pulses, and the data sync signal 
is supplied through a latch pulse generator 17 to the latch 14. 
The latch 14 latches the count from the counter 12 in 

timed relationship to data neXt to the data (input data) 
supplied from the measuring device (not shoWn) and com 
posed of 144,304 bytes recorded in a 1 track set, and latches 
a fractional value of the time code at the time of the ?rst data 
recorded in the 1 track set. 
The value latched by the latch 14 is supplied to the CPU 

8, and the data sync signal from the frequency divider 16 is 
supplied to the CPU 8. The value supplied to the CPU 8 is 
converted into a straight binary value, generating 21-bit 
fractional data in the time code data. 
When the inputted time code is a time code of IRIG(A), 

the 21-bit fractional data in the time code data are of a 
straight binary representation converted from: 

([data of 0.1 second of the time code of IRIG]/10 
+[value of the counter c]/10/100 
+[value of the counter b]/10/100/10 
+[value of the counter a]/10/100/10/64) 
><2097152 (=221). 
When the inputted time code is a time code of IRIG(B), 

the 21-bit fractional data in the time code data are of a 
straight binary representation converted from: 

([value of the counter c]/100 
+[value of the counter b]/100/10 
+[value of the counter a]/100/10/512) 
><2097152. 



5,963,382 
13 

In this manner, the 27-bit data of seconds, minutes, hours, 
and days, and the 21-bit fractional data in the time code data 
are generated, and the time code data in the header infor 
mation are generated using those data. 

In the methods of recording and reproducing and appa 
ratus for recording and reproducing time codes according to 
the present invention, the supplied time code is multiplied to 
generate detailed time data, the time data are latched at a 
given time in the input signal, the latched time data are 
converted into a given data format, and the converted time 
data are recorded in the same transmission path as the input 
signal. In this manner, the correct time data can be recorded 
in the same transmission path as the input signal, and the 
time of recorded individual data can accurately be deter 
mined. 

The time code is recorded per data of 1 track set supplied 
from the measuring device, for example, and recorded per 
given amount of supplied data irrespective of the rate of the 
supplied data. Therefore, the above detailed time code can 
be recorded by a data recorder having any optional variable 
rate. 

For reproducing the detailed time code that has been 
recorded, a reproducing data clock signal from the data 
analyZer (not shoWn) is supplied to the data clock input 15. 
The data clock signal from the data clock input 15 is 
supplied to the frequency divider 16, Which divides the 
frequency of the data clock signal into a 1/144,304 frequency 
to generate a data sync signal per 1 track set. The data sync 
signal is then supplied to a frequency detector 21 for 
detecting a data sync signal frequency. 
A detected signal from the frequency detector 21 is 

supplied to the CPU 8. The CPU 8 calculates time intervals 
upon recording betWeen data sync signals from the repro 
duced time code, and calculates a time ratio betWeen the data 
sync signals at the time When they are recorded and repro 
duced. The time ratio is supplied to the clock generator 11, 
Which generates a reproduction clock signal as corrected by 
a ratio betWeen recording and reproducing speeds. 

The fractional value in the reproduced time code is 
inversely converted into the values of the counters a, b, c by 
the CPU 8, and they are latched by a latch 23. The latched 
values are then supplied to load terminals of the counter 12. 
The data sync signal from the frequency divider 16 is 
supplied to the load pulse selector 13. For reproduction, the 
supplied data sync signal is selected, and supplied as load 
pulses to the counter 12. After the fractional value of the 
reproduced time code is loaded, the counter 12 counts the 
reproduced clock signal. 

The 27-bit values of seconds, minutes, hours, and days in 
the reproduced time code are inversely converted into data 
representing [3-?gure days], [2-?gure hours], [2-?gure 
minutes], [2-?gure seconds], and [0.1 second] of IRIG(A), 
for example, by the CPU 8, and the converted data are 
supplied to the memory 7. The data stored in the memory 7 
are then supplied through a parallel-serial converter 24 to a 
time code generator 25 for generating the time code of 
IRIG(A). 
A time code generated by the time code generator 25 is 

supplied to a ROM 26 in Which generated data of sine Wave 
are Written, and the ROM 26 is supplied With the value of the 
counter a from the counter 12. The generated time code is 
thus converted into a time code represented by a carrier 
signal of sign Wave as amplitude-modulated Which has been 
established by the IRIG. 

In the ROM 26, there are Written generated data corre 
sponding to the levels at times When one period of a sign 
Wave, for example, is divided into 64 equal portions. If the 
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time code is a time code of IRIG(A), then the generated data 
are read according to the value of the counter a from the 
counter 12. If the time code is a time code of IRIG(B), then 
the generated data are read according to a high-order 6-bit 
value of the counter a. The generated data represent data of 
greater amplitudes, smaller amplitudes, and transitional con 
ditions upon sWitching betWeen the greater and smaller 
amplitudes. Necessary data are read out according to the 
time code from the time code generator 25. 
The ROM 26 produces a signal of the generated time code 

represented by a carrier signal of sign Wave as amplitude 
modulated Which has been established by the IRIG. This 
signal is supplied to a D/A converter 27, and the signal from 
the CPU 8 is also supplied to the D/A converter 27 through 
a gain control circuit 28 for varying the output level. The 
D/A converter 27 supplies a converted signal to a time code 
output 29 (128). 

In the methods of recording and reproducing and appa 
ratus for recording and reproducing time codes according to 
the present invention, the differences betWeen successively 
reproduced time data and reproduced time intervals are 
measured, a reproduced clock signal is controlled based on 
the ratio betWeen the measured differences and time 
intervals, the time data are preset in the counter, and the 
controlled reproduced clock signal is supplied to the counter 
to produce the count of the counter as a reproduced time 
code. In this manner, time codes representing times at Which 
an input signal is recorded at an optional rate can succes 
sively be reproduced. 

According to the present invention, furthermore, a portion 
of the detailed time data includes information having a 
generatable resolution of a prescribed carrier signal of the 
supplied time code, the information representing divisions 
of the carrier signal, so that the time code can be reproduced 
With high accuracy. 
More speci?cally, in the methods of recording and repro 

ducing and apparatus for recording and reproducing time 
codes according to the present invention, successively gen 
erated time codes are intermittently recorded at optional 
times in timed relationship to the data, and the recorded time 
codes are successively reproduced. In this manner, the 
recorded times can accurately be obtained, and correct 
recorded times can be reproduced With respect to any 
optional recording rate. Correct recorded times With respect 
to data betWeen intermittently recorded time codes can also 
be obtained. 
By controlling reproduced clock signals of the reproduced 

time codes depending on the ratio betWeen the differences 
betWeen successively reproduced time data and reproduced 
time intervals, time codes are produced in synchronism With 
a reproducing speed even if the reproducing speed is dif 
ferent from a recording speed. These time codes can be 
utiliZed When data recorded over a long period of time are 
reproduced in a short period of time or When the time base 
of recorded data is expanded for a data analysis. 

In the methods of recording and reproducing and appa 
ratus for recording and reproducing time codes according to 
the present invention, furthermore, time codes can effec 
tively utiliZed in a so-called variable-rate data recorder 
Which intermittently records input data of any optional rate 
at a recording rate inherent in the data recorder. 

Speci?cally, the variable-rate data recorder buffers input 
data of any optional rate and intermittently records the input 
data in synchronism With the recording rate inherent in the 
data recorder. Therefore, the time at Which the data are 
recorded in the data recorder does not correspond to the time 
at Which the input data are inputted. According to the 
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conventional process by Which time codes are recorded at 
the same time input data are recorded, the time codes cannot 
accurately be recorded. 

In the methods of recording and reproducing and appa 
ratus for recording and reproducing time codes according to 
the present invention, a time code representing the time 
When ?rst input data of each track set are inputted is 
recorded in detail in header information of the track set, and 
successive time codes are generated by multiplying the time 
code of each track set. In this fashion, correct time codes can 
be recorded and reproduced by the data recorder Which 
intermittently records the data. 

In the methods of recording and reproducing and appa 
ratus for recording and reproducing time codes according to 
the present invention, data are normally recorded and repro 
duced by the data recorder 200 as shoWn in FIGS. 10A and 
10B, for example. In FIGS. 10A and 10B, the left-hand siZe 
indicates a start of the tape, and the right-hand side indicates 
an end of the tape. 

FIG. 10A is illustrative of operation of the data recorder 
200 When it reproduces data. In FIG. 10A, a desired repro 
duction starting point is searched for in a preroll mode. 
When the reproduction starting point is detected, synchro 
niZing operation is started from a point Where the preroll 
mode has been effected, and a ?rst reproduction mode 
(FWD1) is carried out from the reproduction starting point. 
When the ?rst reproduction mode (FWD1) is ?nished, the 
data recorder 200 enters a stop mode. Thereafter, synchro 
niZing operation is resumed from a point Where a preroll 
mode has been effected, and a second reproduction mode 
(FWD2) is carried out from a point Where the ?rst repro 
duction mode (FWD1) is ?nished. The above process is 
repeated to reproduce data in a third reproduction mode 
(FWD3) and so on. 

FIG. 10B is illustrative of operation of the data recorder 
200 When it records data. In FIG. 10B, When the start or 
beginning of the tape (BOT) is detected in a reWinding 
(REW) mode, a given tape start format (REC-FB) is ?rst 
recorded. When a start of a data recording region is detected, 
the data recorder 200 enters a stop mode. Thereafter, a 
synchroniZing operation is resumed from a point Where a 
preroll mode has been effected, and a ?rst recording mode 
(REC1) is carried out from the start of the data recording 
region. When the ?rst recording mode (RECl) is ?nished, 
the data recorder 200 enters a stop mode. Thereafter, the 
synchroniZing operation is resumed from a point Where a 
preroll mode has been effected, and a second recording 
mode (REC2) is carried out from a point Where the ?rst 
recording mode (REC1) is ?nished. The above process is 
repeated to reproduce data in a third reproduction mode 
(REC3) and so on. 

In this manner, the data recorder 200 effects normal 
recording and reproducing operations. Since the data 
recorder 200 intermittently operates as described above, it 
can smooth record and reproduce data Which have been 
intermittently processed by a host computer or Which have 
any optional variable rate different from the recording rate of 
the data recorder. 

FIG. 11 is illustrative of operation of the data recorder 200 
When it reproduces data in a reverse mode. In FIG. 11, a 
desired reproduction starting point is searched for in a 
preroll mode. The synchroniZing operation is started from a 
point Where the preroll mode has been effected prior to the 
reproduction starting point, and a ?rst reproduction mode 
(FWD1) is carried out from the reproduction starting point. 
When the ?rst reproduction mode (FWD1) is ?nished, the 
data recorder 200 enters a stop mode. If data are to be 
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reproduced in a reverse mode at this time, then the repro 
duced data Written in the DRAM 107 are read in an order 
opposite to the order in Which they have been recorded, and 
the CPU 8 processes time code data in a reverse order. 

Thereafter, a desired reproduction starting point preced 
ing the ?rst reproduction mode (FWD1) is searched for in a 
preroll mode, and the synchroniZing operation is started 
from a point Where the preroll mode has been effected prior 
to the reproduction starting point. A second reproduction 
mode (FWD1) is carried out from the reproduction starting 
point. When the second reproduction mode (FWD2) is 
?nished, the data recorder 200 enters a stop mode. The 
above process is repeated to reproduce data in a third 
reproduction mode (FWD3) and so on. The reverse mode is 
carried out in the manner described above. 

In the methods of recording and reproducing and appa 
ratus for recording and reproducing time codes according to 
the present invention, the 70-byte history area in the header 
information is used to keep history information Which 
represents blocks of data each recorded successively from 
the start to end of each recording event. Using such history 
information, any recorded data can be searched for quickly 
by indicating time. 

Speci?cally, the present invention is typically applied to 
a system for recording data observed by an arti?cial satellite. 
In such a system, one recording event is carried out at 60 
Mbps for 15 to 20 minutes, and about six recording events 
take place a day. In the system, about 10~15 blocks of data 
are recorded in a large-siZe tape cassette. It is requested to 
search for such recorded data using time codes described 
above. 
As shoWn in FIGS. 12A through 12D, 60 bytes out of the 

70 bytes of the history area are used to record a track set ID 
(3 bytes) and a time code (3 bytes) as position information 
of a start of each of the blocks. Using the 60 bytes alloWs ten 
sets of recording information composed of time and position 
information to be recorded, forming a history of the recorded 
information. Aunit of up to 2 seconds can be recorded using 
3 bytes for time codes. 

In this manner, a history area of recorded information 
including time data (time codes) of starts of successively 
recorded input signals and position information (track set 
IDs) on the recording medium is provided on a data format 
(header). To update the history area, as shoWn in FIG. 4, the 
data input 110 supplies reproduced data to the bus line 119 
through the reproduced header FIFO memory 129 for 
extracting header information from reproduced data. 
At the time data starts being recorded, a preceding track 

set is reproduced during synchroniZing information prior to 
the recording operation. Header information of the track set 
is then extracted by the FIFO memory 129, and supplied 
through the bus line 119 to the CPU 8. Based on the history 
of the extracted old recorded information, a neW history is 
generated, and inserted into header information to be 
recorded. 
The data of the history are successively recorded in FIFO 

order as shoWn in FIGS. 12A, 12B, 12C. When more than 
ten sets of data are introduced, the oldest set of data is 
removed as shoWn in FIG. 12D, so that latest ten sets of data 
are recorded at all times. If desired data are searched for 
from the end of the recorded data, then the data of the history 
recorded at the end block are reproduced to obtain position 
information of the tape, and it is predicted Which block 
contains a desired time for thereby quickly searching for the 
desired data. 
When an optional time (time code) is indicated by the data 

analyZer, the data of the history of the recorded information 
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are reproduced, and the indicated time is converted into a 
track set ID to search for the corresponding data. 

To search for data using an indicated time code, usually, 
tWo or more track sets are reproduced at the position, and the 
difference (ATC) betWeen the time codes of the track sets 
and the difference (AID) betWeen track set IDS of the track 
sets are calculated from the header information of the 
reproduced track sets. From these tWo differences, and the 
time codes and the track set IDs at those positions, a track 
set ID is calculated Which corresponds to the indicated time 
code, and the calculated track set ID is searched for. 

If the position of the track set ID calculated from the time 
code largely eXceeds the end of the tape, then the tape is 
played back at a position divided according to a ratio at 
Which the time code largely exceeds the end of the tape or 
at a central position of the tape, the history of the recorded 
information is read at that position, and a track set ID 
corresponding to the indicated time code is corrected based 
on the read history of the recorded information and searched 
for. 

If a recording end point on the tape is detected based on 
Whether there are ID data recorded in a control track, for 
eXample, While the indicated time code is being searched for, 
then the tape is played back from a header preceding the 
recording end point, the history of the recorded information 
in the header information is read, and a track set ID 
corresponding to the indicated time code is corrected based 
on the read history of the recorded information and searched 
for. The position of the track set ID corresponding to the 
indicated time can thus be searched for using the data of the 
history of the recorded information. 

The ?rst time a tape to be recorded and reproduced is 
loaded, the data of the history of the recorded information 
may successively be reproduced in a normal playback or 
searching mode, and, using the reproduced data, an asso 
ciation table of all time codes and track set IDs of the tape 
may be produced in a memory in the CPU 120. With the 
table thus produced, the searching mode can be carried out 
at a higher speed using the data of the table until the tape is 
ejected. 

Since the history of recorded information including time 
data of the starts of recorded blocks and position information 
thereof on the recording medium is provided in a given data 
format, data can be searched for at a high speed using time 
codes When they are reproduced. 

In the above embodiment, the recording rate is uniform on 
one tape, and hence the history of recorded information is 
composed of time data of the starts of recorded blocks and 
position information thereof. HoWever, if time data of the 
ends of recorded blocks and position information thereof are 
recorded as pairs, then the methods and apparatus according 
to the present invention can handle different recording rates 
of the blocks. 

In the above apparatus, the time codes may be recorded in 
and reproduced from areas other than the header area 
described above. For example, in a digital tape recorder 
according to standards (X3.175-1990) for an ID-1 format by 
ANSI, the data area of accessory information in a preamble 
in each track is of 54 bits, alloWing 24 bytes of accessory 
information (AUX data) to be used in 1 track set. Therefore, 
the above detailed time codes can be recorded in and 
reproduced from the data area. 

With such an arrangement, the control CPU 120 is bidi 
rectionally connected to the data recorder through an acces 
sory information input/output unit 125. Since the time codes 
are recorded and reproduced separately from the data in the 
data area, the frequency divider 16 shoWn in FIG. 9 divides 
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the frequency into a 1/144,432 frequency. In this fashion, the 
detailed time codes can be recorded in and reproduced from 
the data area of accessory information in a preamble in every 
4 tracks. 
A copying function of the interface device 100 Will be 

described beloW. 
The reproduced data from the data recorder 200 are 

supplied through the data input 110, the input FIFO memory 
111, and the bus sWitcher 106 to the DRAM 107. 
The input/output unit 118 is supplied With ID data (data 

indicative of absolute addresses of a tape recorded in the 
control track) of the control track reproduced by the data 
recorder 200. The accessory information input/output unit 
125 is supplied With accessory information (AUX data) 
reproduced by the data recorder 200. The supplied ID data 
and accessory information (AUX data) are supplied to the 
CPU 120 through the I/O port 117 and the bus line 119. 

Based on the supplied ID data and accessory information 
(AUX data), the CPU 120 generates a copy header com 
posed of a total of 20 bytes, Which, as shoWn in FIG. 13, 
include 3 bytes of ID data, 12 bytes of accessory information 
(AUX data), and 5 bytes of reserved data successively 
arranged from the beginning of the data. The copy header is 
positioned at the beginning of the data in each unit of 
144,432 bytes of data Which are recorded and reproduced. 
The copy header is generated only When the copying func 
tion is performed. 
When 144,432 bytes of data can be outputted from the 

DRAM 107, the copy header generated by the CPU 120 is 
outputted to the variable-rate data output (parallel) 113 
through the output header FIFO memory 124 or to the 
variable-rate data output (serial) 114 through the serial 
parallel converter 104. 

FolloWing the outputting of the copy header, 144,432 
bytes of data (including time code data as described later on, 
Which hoWever are not processed, but handled as simple data 
When the copying operation is performed) from the DRAM 
107 are supplied to the variable-rate data output (parallel) 
113 through the variable-rate input FIFO memory 112 or to 
the variable-rate data output (serial) 114 through the serial 
parallel converter 104. 

The copy header and the folloWing 144,432 bytes of data 
are combined With each other and sent to the data recorder. 
While the copying function is being performed by the 

interface device 100, in order to add a copy header to data, 
the transfer rate for outputting data from the DRAM 107 to 
the variable-rate data output (parallel) 113 or the variable 
rate data output (serial) 114 is made higher than the rate of 
the reproduced data from the data recorder 200 by about 
0.05% corresponding to the added copy header. 

Operation of a copying data recorder Will be described. 
The copying data recorder is of the same structure as the 
reproducing data recorder, and Will be described beloW With 
reference to FIG. 4. 
When the copying function is performed, since it is 

already knoWn that a copy header is positioned in 20 bytes 
at the beginning of the input data supplied to the interface 
device 100, the data of 20 bytes at the beginning of the input 
data from the variable-rate data input (parallel) 101 or the 
variable-rate data input (serial) 103 are introduced as a copy 
header through the input header FIFO memory 122 into the 
CPU 120. 

144,432 bytes of data inputted folloWing the copy header 
are Written through the variable-rate input FIFO memory 
105 and the bus sWitcher 106 into the DRAM 107. The 
Written data are buffered for a certain period of time by the 
DRAM 107, and thereafter read therefrom and sent through 






